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Abstract 
Hydrogen (H)- and water (H2O)-storage and desorption characteristics of 25 nm thick Pt films on Li2ZrO3 composite materials, 
exposed to normal air at room temperature, have been investigated by means of elastic recoil detection (ERD), Rutherford 
backscattering spectrometry (RBS), weight gain measurement (WGM), and thermal desorption spectroscopy (TDS) techniques. It 
was found by the ERD and TDS that H and H2O were absorbed into the Pt-coated Li2ZrO3 in air at room temperature and 
desorbed from it in vacuum at much low temperatures of approximately 317 and 309 K, respectively. In addition, the WGM and 
TDS spectra revealed that the absorption and desorption characters of some gases such as CH4, CO, and CO2 including H as well 
as H2O into the Li2ZrO3 bulk were improved by Pt deposition. 
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1. Introduction 
The development of a hydrogen-air fuel cell comprising proton-conducting oxides that act as a solid electrolyte 
and hydrogen storage metals that serve as a hydrogen source has been examined [1, 2]. This closed-type fuel cell, 
which does not require hydrogen gas to be supplied from outside, is promising as a compact electric power-
generating system. However, the disadvantage is that additional hydrogen storage metals are needed to be mounted 
on the electrolyte to keep the electric power going, when the migration of hydrogen, contained in the hydrogen 
source, are completed. We need to develop a new hydrogen source with an extremely long life time which is able to 
recycle many times without exchanging to the other sources and refilling hydrogen. 
So far our group found a storage of hydrogen (H) from water (H2O) in platinum (Pt)-coated lithium oxides 
(Li2ZrO3, Li4SiO4, and LiCoO2) using the high-energy elastic recoil detection (ERD) technique with MeV He2+ and 
O4+ ion-probe beams [3-5]. ERD has revealed the effects of Pt deposition on the hydrogen absorption characteristics 
of the lithium oxides. The Pt may play an important role in catalysis of the dissociation of H2O, which significantly 
contributes to amounts of H atoms absorbed into the bulk. 
The aim of this work is to investigate in more detail the effects of Pt-coatings with 25 nm thick films on H- and 
H2O-absorption and desorption characteristics of Li2ZrO3 by combining ERD with Rutherford backscattering 
spectrometry (RBS), weight gain measurements (WGM), as well as thermal desorption spectroscopy (TDS) 
techniques after exposing to normal air at room temperature and heating up to 773 K in vacuum. 
 
2. Experiments  
The Pt film of approximately 25 nm thick is deposited onto both faces of the Li2ZrO3 substrate (Pt/Li2ZrO3/Pt) 
approximately 1 mm thick and 8 mm diameter at room tempeature in vacuum after surface eching of the substrate 
by Ar+ ion spauttering using a magnetron ion-sputtering device. By assuming 100% theoretical density of Pt 
(195.081 g/cm3), the thickness values of the Pt depositions are evaluated by RBS, as derived from the full width at 
half maximum (FWHM) of sharp peaks between 2.5-2.6 MeV in Fig. 1, with high-energy 2.8-MeV He2+ ion-probe 
beams from a tandem accelerator, installed at Institute for Materials Research, Tohoku University. The Pt-coated 
Li2ZrO3 samples are irradiated with He2+ ions at incident angles of 15° and 90° to the sample surface at room 
temperature. The back-scattered He+ ions by elastic collisions with Li, O, Zr, and Pt atoms are detected at an angle 
of 170° to the incident He2+ ion directions using a solid state detection (SSD) for RBS. However, it is difficult to 
estimate the peak of Li appearing at low channnels from the RBS spectra, because of the low elastic collision cross-
section of He+ ion to Li atom [6] and the overlaps with the other peaks of multiple-scattered Zr and O atoms. The 
peak for Hf of less than 0.01 at%, contained in precipitates in the Zr bulk, appears at high energies in spectrum of 
the undoped-Li2ZrO3 sample in Fig. 1, as the elastic collision cross-section of He+ ion to Hf atom is high [6]. It can 
Fig. 1  Typical RBS spectra of back-scattered He2+ ions from (ڹ) 
uncoated and (ە) 25 nm Pt-coated Li2ZrO3, measured using 2.8-
MeV He2+ ion-probe beams. 
Fig. 2  SEM micrographs of ((a), (c)) uncoated and ((b), (d)) 25 nm 
Pt-coated Li2ZrO3 samples, fabricated using the magnetron ion-
sputtering device. 
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be observed in secondary electron micrographs (SEM), as shown in Fig. 2 (a)-(d), that the grain size on the surface 
of uncoated and Pt-coated Li2ZrO3 samples is approximately 5 Pm in diameter. In addition, the grains are 
completely covered with Pt. In order to estimate the H distribution in the samples, ERD measurements are 
simultaneously carried out with RBS. Forward-recoiled H+ ions from collisions with He2+ ions are detected at a 
scattering angle of 30° to the incident He2+ ion direction using a SSD for ERD that is equipped with an absorber 
composed of 12.0 μm-thick Al film [6]. 
The WGM of the uncoated and Pt-coated Li2ZrO3 samples, exposed to normal air after heating at 623 K for 10 
min in vacuum, is carried out through more than one year in the various conditions at average temperature of 
approximately 299 K and at relative humidity of approximately 40 % for 1st round, 296 K and 40 to 30 % for 2nd 
round, 313 K and 30 to 57 % for 3rd round, and 313 K and 57 to 49 % for 4th round using an analytical (electronic) 
balance. After each round, the air-exposed samples are heated at 623 K for 10 min in vacuum to remove residual 
hydrogen and water out. 
Subsequently, in order to determine the decomposition temperature of H from as-prepared and air-exposed Pt/ 
Li2ZrO3/Pt samples, the H distributions at the Pt electrode, the Pt/Li2ZrO3 interface, and the Li2ZrO3 bulk after 
isochronal anealing at various temperatures up to 773 K for 10 min in vacuum are in situ measured at room 
temperature using the ERD technique. The temperature of the samples is measured with an alumel-chromel 
thermocouple in contact with the surface. The annealing temperature of 623 K to remove hydrogen and water out of 
the air-exposed samples has been decided from this thermal desorption experiments. In addition, the released gases 
from the uncoated and Pt-coated Li2ZrO3 samples, heated up to 773 K with a heating rate of 4 K/min, are detected 
by the TDS technique using a quadrupole mass spectrometer (QMS).  
 
3. Experimental results and discussion  
Fig. 3 shows changes in fraction of weight gain for uncoated and Pt-coated Li2ZrO3 samples, exposed to normal 
air in the various conditions after heating at 623 K for 10 min in vacuum, as a function of air exposure time. The 
data in the initial region of 0-200 hrs were presented as an insert in Fig. 3. The fraction of weight gain for several 
rounds rapidly increased until the air exposure time approached to approximately 500 hrs (approximately 21 days), 
except for the 3rd round, and, subsequently, reached to approximately 16.7-21.6 wt% at the air exposure time of 
approximately 1440 hrs (60 days) and approximately 5-7 times higher than that of uncoated Li2ZrO3 (approximately 
3.15 wt%). The increasing rate of the weight gain and the saturation amount significantly depended on the relative 
humidity, and, in particular, their values for the 3rd round changed by the significant increase of approximately 30 to 
57 %. It is an interesting result that the weight gain of more than approximately 10 wt% was obtained for every 
approximately 500 hrs after heating at 623 K for 10 min in vacuum.  
Fig. 3  Changes in fraction of weight gain for 25 nm Pt-coated 
Li2ZrO3 samples as a function of air exposure time, as compared to 
uncoated Li2ZrO3. 
Fig. 4  Typical ERD spectra of recoiled H+ ions from 25 nm Pt-
coated Li2ZrO3 (ە) before and (ڹ) after isochronal annealing at 623 
K for 10 min, and (ۑ ) after heating at 623 K in vacuum and 
exposing to normal air at room temperature for 2390 hrs, measured 
using 2.8-MeV He2+ ion-probe beams. 
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Fig. 4 shows typical ERD spectra of recoiled H+ from 
Pt-coated Li2ZrO3 after isochronal annealing for 10 min 
at several temperatures up to 623 K, measured at room 
temperature in vacuum using 2.8-MeV He2+ ion probe 
beams from tandem accelerator. The horizontal axis for 
ERD spectra stands for several energies of the recoiled 
H+ and represents the depth from the top-most surface. 
For the vertical axis (Counts), the counts per energy in 
the ERD spectra correspond to the areal density of H 
retained in the Pt/Li2ZrO3 bulk. The residual H 
concentration, nH/Li2ZrO3, that was indicative of ratio of H 
to Li2ZrO3, retained in the Pt/Li2ZrO3 bulk were reduced 
from approximately 2.0 to 0.08, as shown in the ERD 
spectra as-prepared and after heating at 623 K of Fig. 4. 
The value of nH/Li2ZrO3 increased up to approximately 1.3 
at every depth after air exposure for 2390 hrs 
(approximately 100 days), which indicated that the H 
absorbed was uniformly distributed from the Pt/Li2ZrO3 
interface to the depth of approximately 400 nm that was the detection limit of depth in the present study, although it 
was not possible to distinguish the bonding formations such as H atom, H2 molecular, hydroxide (-OH), and H2O.  
Fig. 5 shows desorption curves of H from as-prepared and air-exposed Pt/Li2ZrO3 samples, which have been 
obtained, based on the ERD measurements, after isochronal annealing at different temperatures of 300 to 673 K for 
10 min in vacuum. The fraction of the retained H in the vertical axis was obtained by normalizing the total integral 
counts of the ERD spectra corresponding to the whole H concentration in the Pt/Li2ZrO3 samples after annealing at 
various temperatures to those in as-prepared and air-exposed samples. In Fig. 5 it is important to note that the H 
concentrations in both Pt/Li2ZrO3 samples linearly decreased with an increase in annealing temperature. It can be 
deduced that the decomposition temperatures for the air-exposed Pt/Li2ZrO3 samples were significantly lower than 
decomposition temperature of approximately 333 K for the as-prepared Pt/Li2ZrO3 sample. In addition, the H release 
rate for the air-exposed Pt/Li2ZrO3 samples became higher for the as-prepared Pt/Li2ZrO3 samples until the 
annealing temperature was approximately 450 K. The result indicate that the trapping sites of H including hydroxide 
(-OH) in the as-prepared sample may probably be different from those in air-exposed sample including tetrahedral 
and octahedral interstitial sites and substitutional sites such as Li and O vacancy. Then, the air-exposed Pt/Li2ZrO3 
Fig. 5  Dependence of fraction of H retained in 25 nm Pt-coated 
Li2ZrO3 samples, as-prepared and exposed in air at room 
temperature, on various temperate up to 673 K, which have been 
obtained based on the ERD measurements. 
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Fig. 6  TDS spectra of H2, H2O, CH4, CO, and CO2 emitted from (a) uncoated and (b) 25 nm Pt-coated Li2ZrO3 samples, heated up to 
773 K with 4 K/min. 
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samples have a pretty good probability to be adapted for use as new H storage materials that can move H at low 
cost.  
Fig. 6 shows TD spectra of released gases such as H2, H2O, CH4, CO, and CO2 from (a) uncoated and (b) Pt-
coated Li2ZrO3 samples during heating up to 773 K with a heating rate of 4 K/min in vacuum using the QMS after 
air exposure at room temperature. The current [A] of ionized particles in the vertical axis corresponds to the amount 
of the released gases although the sensitivity is significantly different for the elements. For the relative evaluation, 
the amounts of all released gases including H2 and H2O from the Pt-coated Li2ZrO3 samples were approximately one 
order of magnitude higher than those from the uncoated Li2ZrO3 sample. It can be concluded that the presence of the 
other gases containing in the Li2ZrO3 samples leads to the extra weight gain. The decomposition temperatures were 
determined to be approximately 309 K for H2O and CH4, 317 K for H and H2O, 380 K for CO and CO2. The 
presence of Pt-Li-Zr-O complex oxides at the Pt/Li2ZrO3 interface, associated with oxygen deficiency through the 
interfacial reaction between the Pt thin layer and the Li2ZrO3 surface, may probably have a significant influence on 
the enhancement in the dissociation rate of water and eventually the increase in the amount of the H accumulation 
into the Li2ZrO3 bulk. The other interface analyses by means of X-ray diffraction (XRD), X-ray photoelectron 
spectroscopy (XPS), transmission electron microscope (TEM), computer simulation, and so on are now being 
further studied for the Pt/Li2ZrO3 interface, in order to clarify the various mechanisms on the dissociation of H2O, 
the absorption, as well as the trapping of H in the oxides.   
 
4. Summary 
The H- and H2O absorption and desorption measurements on Pt/Li2ZrO3/Pt composite materials after exposure to 
room temperature air were complemented with ERD, RBS, WGM and TDS analysis. For the absorption process, the 
height of the weight gain curves reached to approximately 16.7-21.6 wt% at the air exposure time of approximately 
1440 hrs (60 days) and approximately 5-7 times higher than that of uncoated Li2ZrO3 (approximately 3.15 wt%). It 
was confirmed in the ERD spectra that H and H2O were absorbed into the Li2ZrO3 bulk in air at room temperature 
and the dissociation temperature of H and H2O from the Pt-coated Li2ZrO3 was low temperatures of less than 333 K 
in vacuum. The TDS spectra revealed that the absorption amounts of some gases such as CH4, CO, and CO2 
including H as well as H2O absorbed into the Pt-coated Li2ZrO3 samples were approximately one order of 
magnitude higher than those from the uncoated Li2ZrO3 sample for the relative evaluation. The presence of Pt-Li-Zr-
O complex oxides, associated with oxygen deficiency through the interfacial reaction between the Pt thin layer and 
the Li2ZrO3 surface, may probably lead to the enhancement in the dissociation rate of water and eventually the 
increase in the amount of the H accumulation into the Li2ZrO3 bulk. 
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